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Docket No. 1971 1 lUS2SRD/vdm 

IN THE UNITED STATES E^j^tAND TRADEMARK OFFICE 

IN RE APPLICATION OF: Hirofumi MURATANI j GAU: 2621 

SERIAL NO: 09/658,565 . / DEC 0 J ZBSQ' I EXAMINER: 

FILED: September 8, 2000 ' \& ftj/ 

FOR: CODE GENERATING METHOD ANTK&OT THEg^F, CODE DETECTING METHOD AND UNIT 

THEREOF, AND WATERMARK EMBEbSliQB^lSrfT AND WATERMARK DETECTING UNIT 

REQUEST FOR PRIORITY 

ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 

SIR: 

□ Full benefit of the filing date of U.S. Application Serial Number [US App No], filed [US App Dt], is claimed pursuant to the 
provisions of 35 U.S.C. §120. 

□ Full benefit of the filing date of U.S. Provisional Application Serial Number , filed , is claimed pursuant to the provisions of 
35 U.S.C. §1 19(e). 

■ Applicants claim any right to priority from any earlier filed applications to which they may be entitled pursuant to the 
provisions of 35 U.S.C. §119, as noted below. 

In the matter of the above- identified application for patent, notice is hereby given that the applicants claim as priority: 

COUNTRY A PPT JCATTON NUMBER MONTH/DAY/YEAR 

JAPAN 11-280652 September 30, 1999 

JAPAN 2000-016285 January 25, 2000 

JAPAN 2000-263 872 August 3 1 , 2000 

Certified copies of the corresponding Convention Application(s) 

■ are submitted herewith 

□ will be submitted prior to payment of the Final Fee 

□ were filed in prior application Serial No. filed 

□ were submitted to the International Bureau in PCT Application Number . 

Receipt of the certified copies by the International Bureau in a timely manner under PCT Rule 17.1(a) has been 
acknowledged as evidenced by the attached PCT/IB/304. 

□ (A) Application Serial No.(s) were filed in prior application Serial No. filed ; and ^ *Q 



(B) Application Serial No.(s) ^> 



□ are submitted herewith ^ {f\ 

□ will be submitted prior to payment of the Final Fee <5 
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SaSaffi^ii^^n^^^^^^m^©^ y MRS— ^ttii-rsitKlLfc 1 © 
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#f-J*K: J: »J *£f£# * fSft##5g#S £ 2 £ SC JUt^ -5 Z. £ £#3£ £ S 
MIT, k' flCHACiKrl, r2, rk' ) £ £ $|j&8ft«P il 

t&ffisa^a^ffljjcfcy^s^ifck' «©si^(Z)ja^e>kffl(z>iiij^(r i, r 
tut -r * * sswjfcfcaas i: e> * y , 

*tt3Sy©(k' -k)«©!W^^T©raiC, ri = umod pi(i=k+l, — , 

y ig-r i £ z&m £-?z>m&m 3 ga*©«^38^ Lfcatie*. 

#> a tf « ^38 L m &> & »$g g ic i3 v \ T . 
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m^j $ n t=.m t. mm =i > ^ > ^ ^ © mmm & & #> & #m , 

>^>^*©38^ Lmm&mmznfe u ss** Lit twjt bfc»-£jca& 
im&m 8 ] 

[0 0 0 1] 
[0 0 0 2] 

m^jS^b (digital watermarking) -5 s -f #ft£ tlfcWJ^ 
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[0 0 0 3] 

Afcf, ^JhW^l&Sli-^tl-^tlJ PEGCJoint Photographic Coding Experts G 
roup)W^it. MPEG (Moving Picture Experts Grrap)&-EHb£R?tfti&#Hr 

[0 0 0 4] 
[0 0 0 5] 

Jl^aiH^JfflSom^a^b^fcUTtt, «*J«iR[l] Koch, E. and 
Zhao, J., "Towards Robust and Hidden Image Copyright Labeling" , Procee 
dings of 1995 IEEE Workshop on Nonlinear Signal and Image Processing, 45 
2-455, June 20-22, 1995. (Koch-Zhao<£>:£5££ ) 3CiSR[2]Cox, I.J., Ki 
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lian, J., Leighton, T. and Shamoon, T., "Secure Spread Spectrum Waterma 
rking for Multimedia" , NEC Research Institute, Technical Report 95-10, 
1995. (Cox P>CD:£^£;^e> 3*1 M&>&&ftM£&Z> MttL 

[0 0 0 6] 

M&>&frZft ^©^gfcfc, ^&&M^J(PN^J)Ct£oT(:fc 
IR[3] Schyndel, R.G. van, Tirkel, A.Z., and Osborne, C.F., "A Digital 
Watermark" , Proceedings of 1st IEEE International Conference on Image P 
rocessing, 1994. VU±:£iSR [4 ] Wolfganf, R.B. and Delp, E.J., "A Wate 
rmark for Digital Images" , ICIP96, 219-222, 1996.), 3&£ ^lt^8>mML 
1=.T?.!? A$->lzm-oT(JCffli[5] Pitas, I., "A Method for Signature ca 
sting on Digital Images" , ICIP96 , 215-218, 1996.), $S@S©^t$©|? 

[o 0 0 73 

h^AMfc (spread spectrum) (©%x. ^jSg^-TS Zl hT?#nT^ffi^l^© 

94. )„ fcm&±<D;^xiztt-t$>w®.tfmnx^z> 0 ^h<Dny^yy^mmm, 

[0 0 0 8] 

7] Smith, J.R. and Comiskey, B.O., "Modulation and Information Hiding 
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in Images" , Information Hiding, 207-226, 1996., JCffi [ 8 ] :fc2f&J!g,m— W 

,&#¥^n, u pmmz&z>wm^<Dm-fri,m&'' , scis97, 26b, 1997.)^, 

t^Cm[S](D^lt. ^"tl-rtlSm^, ttg$£ffc& (direct sequence spread sp 
ectrum)i: otitis r (ifciSK [9 ] &#¥^&t, L0>*$£- V 

;i/f^f>f7(i!)-a-^Df^hSi-" , ^bmiS^^tt,1998.) 0 
[0 0 0 9] 

[m m&mm tc & » & mm mmm) ] 
ic ^xmm&mwimj&ftom t % nmmzw ^ xmt 3 z. n iz & o xn 

[0 0 10] 

W JR««JC fc tt S Ifcfc ( «&iffc&) ] 

ifciR [8] ^frLf»#tf>H#>:&#ki:. P N (pseudo-random n 

tt^m&frw mmmmmz&^xmfrLmm*:Misb&&. nz$mw.&mmz 
ff?o *<D%k. n^v^^m^mmm.iz^m.Lx. ft&mzfioo m-frhffimo 

mmmtit^hX. J PEGjE|§^S>S t i rMa r k#®!-S> D - A - D^&IC 
[0 0 11] 
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] ti®mc,namfB&mwm, u w.m&wttz&z>ttmiMs<Dm&&ffi n , sci 

S99, II, 503-508, 1999. )„ 
[0 0 12] 

[0 0 13] 

(image adaptation) j Ikfro IC J: oT, /h«*fc«&*S&ltlC J: oT*«>& 

> 3Cffl. [11] Boland, F.M. , 0 Ruanaidh, J.J.K., and Dautzenberg, C. , "W 
atermarking Digital Images for Copyright Protection" , Proceedings of th 
e fifth International Conference on Image Processing and its Application 
, 1995. (Boland^ H^o)^. %(D^.m [8] lCgH«£nfc#^T*£lUB£*lTV>S 

o 

[0 0 14] 

ZLfrhlcm [11] *>9c<D$:ffi[8]<DttT>te. M#>&fr&miZ& 
[0 0 15] 
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[0 0 16] 

£S§t#»(collusion attack) j HmXtlT^Z. IgSfcBfcti^ttU ^iit<Z>tI#>&2* 
[0 0 17] 

tt[2], R&JCffi [1 2] iU*©{&, ^Sid, tt -r^T©MK^-if$: 
#Jt oTtgfcm^fr b&T , SCIS'98, 10. 2. B, 1998.) *f -5§-3Sl&65&:£2S 
1^ [1 3] Boneh, Dan and Shaw, James, "Collusion-Secure Fingerprinting 
for Digital Data" , CRYPTO' 95, 452-465, 1995.. JCfflt [14] m 

iam, s&n, "Mft#«^c&v^«^-Jg2)^L?^r , scis'97, 3ib, 1997.^^ 
tit ci 5] g^ran?, ^~#3§m, a m^ittf'j?&<%immiz.%L^ 

, SCIS*98, 10. 2. A, 1998.)#M0g£*lTV^ o 
[0 0 18] 

:fc«[2]©#i£K:j:*xtf, 5pJffl#®fcN(o, i)iz'&?mmtezmimW¥ 

[0 0 19] 
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e> 0 mmm*%i&£ftfcmfrvmm.(Dj jv^x^Lr^^t^x 

* £ *£|£##5£ C BfrlHtf 5 © #38 j& 7? & £ . 
[0 0 2 0] 

it [i2] x\z. %iv&*mitiz&zffin&m<Dm<Dmmm<Dnm£^o&. 

<Z>*£ffc#ffc£ c (c + l)(c- 1 )log c+1 n*-#(D&Z<Dn^X%itt 

[0 0 2 1] 

f£#a^©fcJM Sr^1"S 3 £ £ & (c-f rameproof £. 

izti&)*M&isxmfri>mmt?ztti}m^zftx\<^ 0 

[0 0 2 2] 

JCfcy, $>e^JM#^ee>©n>^> x y ^^©^^M^bfc^Cnative redi 
stribution), ^©#JM#&^#©^ttlC£&=k(Z>-e&<5 i:i^bt©^lit' 

[0 0 2 3] 

i^ft#©^itlC^CfO^MV^n-framep^oofiff#^i, fft^fX^ni:*!,. 
#t&R#ft*cT?&£c-frame P roof?gF-ifta, IftttJ X# 1 6 c 2 logn(cJ£^ 

[0 0 2 4] 
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£i§£[i3] •vitZbiz. 2M(Z)Mf6#<z)^;i/--/^S>oT, RmmfttfQM 

&<Dm&. ^ft? ft<D 7 )ls-7mT*<Dffimz£^X£f&T*g£W^ (feasible se 
t) (DM&ffi(D&M®ft : &QM&-e& & <fc O # (total ly c-secure^#) 

[0 0 2 5] 

fit, [13] T^ffi#ISC^cAJ^W(7)«^lC^f£#S:MoT#|Jgi- 

SJft^tf e fiATT&Sff-Sf (c-secure code with £ -error) ZMffc L,t=. a 
WkV £ £3#on-secure$f# r (n, 2 n 2 log(2 n/ e )) 
^>fXi±, 2 n 2 (n-l)log(2n/e 
[0 0 2 6] 

S»blC. & Traitor TracingX^ — A [16] Chor, B. , Fiat, A. a 

nd Naor, M. , "Tracing traitors" , Proceedings of CRYPTO' 94, 257-270, 19 
94.) HMttTW:*) & s J^T©c-secure^#(Dor|gtt§:^Lfe 0 ^©fffflff 
Xti, 0(c 4 log(n/e) log( 1 > e ))-??&£>,, 
[0 0 2 7] 
[Chernoff©RB#(Chernoff bound)] 

[16] Ttt, Traitor TracingX^f- AJCfcVNT, Chernof f ©|&#<D5£ 

(DlCfflt [13] T'li, ■ecD^^^liSM It^'J e ©n-secure£F-5§^c-secure#-^ 
£#J&bfc 0 ¥^#P<£&3£fcnM©MM&X i e{0, 1 3*1 
©ft! W'fitjfr Ttl £ 5gs£tf> #Chernof f (D m& t & £ „ ±3g 

[0 0 2 8] 
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mi] 

n 

Pr I ^ Xi-np > n5] < {exp0/p)/a+6/pJ 1+5/ S > } iri £ > 
1 = 1 

n 

Prl^Xi-np < -n6] < { escp (-d/jpWil-d/pl 1 ^ P} n P 
i = l 

[0 0 2 9] 

[0 0 3 0] 
0&2] 

n 

Pr [1 ^ X^-np I > n6] < 2 - ©jqp{-6 2 n/ <[2p{l-p) J } 
i = l 

[0 0 3 1] 

[0 0 3 2] 
[ffc3] 

n 

Prl 2 x i — n P < — *»5] < <S3qpi-5 2 n/ <[2p 2 J } 
i = l 

[0 0 3 3] 

2 A<Z> 2* £ SJ»-T 5 

£SK [13] -eH^tlTV^^y e ©n-secure^^^c-secureff^Ji, T?£ 
L, ^Cilj?[4]T*^$nTVxSro(n, d )^ $:^ftf ©1^©*^ ^>f ^ ilS 

[0 0 3 4] 
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iit, rO(n, d)^#tttd \f v h 1 WJ&tfO 

[0 0 3 5] 

d = 3, n = 5ilttl}l rO(n, d)f f T'$5 r0(5, 3 )$£ 



111 


111 


111 


111 


0 0 0 


111 


111 


111 


0 0 0 


0 0 0 


0 0 0 


111 


0 0 0 


0 0 0 


0 0 0 


111 


0 0 0 


0 0 0 


0 0 0 


0 0 0 



ft#t£©2 AS:#^-r-5n-secure^$:^bTV^€>o Z.<DW^<DW ^4 X\Z 
, 2nlog 4 (l/s)=nlog 2 (l/ £ )i:^^o ^Cf? [1 5] rO(n, d) 

$HflC£V^ 0<weight(x | B s) £ & ^#/Jn(D S (S min) fc, weight(x | Bs) 
<d ilfc S (Smax)£:£#), Sminfc Smax+ 1 £^f£#T-&& hjgjgi" 

, e ©n-secure$3F-5§ta. ^f#^>f X#(n - 1 )log 2 ( 1 / e ) 

[0 0 3 6] 
[^U e <7)2-secure^F-^-] 

(DXffi [1 5] Kit, »gf€#»«2A©»^K:*gtt#©S*S:»»'r*«F#*T?*> 
ot, *©«FH§--fr>f X#3 n 1/2 log 2 (l / £ )(!DflPf 
[0 0 3 7] 

iSClR [17] Ergun, Funde, Joe Kilian and Ravi Kumar, "A Note on the 
Limits of Collusion-Resistant Watermarking" , EUROCRYPT' 99 , 140-149, 199 
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9.m, m^^u^^^Mic^-tirfic, i&mzmzft-t&wimctemff-t) 11 

[0 0 3 8] 

ci7] X'MfehT^&ffim&mi*. mi bK^-t^oizm^^-r^hm 

3)&5p^bb> ^>t$aA&S&£MA£i:V^ Ergun^tf) 

ft J& liftoff [13] -e<Z>»|gr£fEx.fc£LT#£ 0 [13] 

SrJgV^TV^o ^<Z>rO(n, d)ff-Sfte. H 1 6 ( d = 3 ©i)®<j: 5 &C (1,1,1) £ 
(-1,-1,-1) t. Z>Wmt & n«lCfi^LT#^4i 

[0 0 3 9] 

-®ro(n, d)^ic*fbr, [17] "e&mztHLmtt#m&mM? 

2>H, ¥^tic £oT#e>*i£3>^>yi±, (1,1,1)^ (-1,-1,-1) $:^>a:^ 
r4^^i^f6I4c»^cJ:oT^Jg$tlTv^^v^i:^|3J»TU, m&ttmz 

[0 0 4 0] 

3©ro(n, d)^#ic^svxT, %gnm<Do%. (i,i,i)<z>#-^£#£^#cz>i$r£ 
(-i,-i,-i)(7)^F#$:#o#©^:(Z)rac^:^^liU*^s^. M 
;t>& (l ,1 ,1) v^i (-1 ,-i ,-D *J i£ < Cfegt5^ H t: tez> 0 "£<D&. 
^y#Atem$L$:$:V2>OT*. —Biz. faU^Zftfe'tZTK^V X2±\Z. ny 
"ryytf (1,1 ,i)££kU-i,-i,-i)fr e>S&&c«fcoT^ofc&©*\ M>i>*^» 

[0 0 4 1 ] 
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— rO(n, d)ff-i§-tC;£V^T. 2o0f^©ft^Ittnd, */Jn5E&I 
ltd tm&*£^(mi 70M)o rO(n, d)«F-^tt|ggt3^»!^©©ttK:M/a3S« 

[0 0 4 2] 

h omfr vmm zm.&>j&Aj1z%l<d n y^-y y n am n d / 2 jg*_t £ 

8 1 ) 0 

[0 0 4 3] 

St, rO(n, d)^^fett)t#oT^fc^^^©il&tt©^m*^*3tl 
TL£e>z:£tc&£(BIi 8fflIM2)„ 
[0 0 4 4] 

o£U, Ergun^CD|^#5:S^Lfc_hT% ^fti£*tC*hr5 ffiH£(Z)i^i* £ 3 > 
-X" > V © S © <Z)/h 2 £ £ jt^J $ it ffiF-^-ffc tc «fc 3 L 

[0 0 4 5] 
[0 0 4 6] 

t js$Eifc£ffa<z> laam^gi © r% ticmtt^MDm+m 
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[0 0 4 7] 

(cross-correlat ion) £ A if if D £ & £ <fc ? ICig^R £ *l£ X £ #^ife 
^ot, kfi©=i>T-> , y<Z)¥*&K:J:oT#&nS=i>-5 i >^Ji. 

st#tc*fj&-r zmmimw t ©*bbb# 1 / k jc*^^ & ^ns. 

[0 0 4 8] 

££i«lti:bT;£U, ffiBB«©f^fc »J KHSfilfl!(siMilarity)i:l^tftl«*S:fflV^ 

a>5p*«T? iESft L =b © T? & S . 
[0 0 4 9] 

[0 0 5 0] 

3$CSR [18] Kilian, Joe, F.Thomas Leighton, Lesley R. Matheson, Talal 
G. Shamoon, Robert E. Tarjan, and Francis Zane, "Resistance of Digital 
Watermarks to Collusive Attacks" , Technical Report TR-585-98, Departme 
nt of Computer Science, Princeton University, 1998. Tli, ^H*fft&ll£iiflC 
i: o TlCffi [ 2 ] ©a^aSfr b#S^flA4 T*©Mf£#&C J: e»K«*JC^ "T & W 
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[0 0 5 1] 
[0 0 5 2] 

s:m[2]^>^:m [18] t^t> ^mt^s^sl 

[0 0 5 3] 

^<z>*\ fit, ?<D£oizhTmiR2ftfrmwL&mm*®^iiisX. z<o& 

[0 0 5 4] 

Cltf)^®^ Stic [^Ifix^Bffl (DJgX&^JCffi 11 7] T'©PS^5:S^U 
^ i C M 3£ $ -fr f£ # ft JC J: § «^ ^ b ^ 5$ 5: if ? M ^ 2 * £ frU V % ? © — 
[0 0 5 5] 

(L F S R)<D&j]£. LXmbtlZ&m®?^ LFS R#G F (2 )(DJK*&#^5S; 

1 6 ffi!iE# 2000-3044259 

A 
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, l/^X^©mtlt5:n ttSi:, L = 2 n - 1 -e&£ 0 
[0 0 5 6] 

fflsiiiM »r««#u js ^ <Dm-%o)**>7 b ^ am jc <t * 3 ^ b ic mm t* # 

[0 0 5 7] 

[0 0 5 8] 
[0 0 5 9] 

J£Ul&C§fci¥!bfcJ:5£, «*©«^ai^bttffiT?tt. ^MStCiot^l 
[0 0 6 0] 

1 7 tflliE^ 2000-3044259 
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[0 0 6 1] 

#ic j p e Gmm^'tfDm^^m^^m^w^M^Mi^ u©iiaz>&^# 

[0 0 6 2] 
[0 0 6 3] 

jat-^ififtoas^-^jfcfM&i:* rne>©#3is3if-sf£/&#mfc £ y 

[0 0 6 4] 

©If y hifc£-#&£:-r<5Sft^Lfc 1 ©^f&tF0©^#«S*i-&t6«©aJ^«F 

©#- #©»&*»*>* 3pjffl#a»a##&tf»jcj: y &8>z>m%%m%m^mm^ 
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[0 0 6 5] 
[0 0 6 6] 

[0 0 6 7] 

Tmmistifc—D&n^mz&jj-t&^mt^ ^±^nt=.n^mn^y^yv n 
<Dffim&%:&tbz>^m.£. z.ommmzm-3^Tziy^-yyq*<DAt>'znt=.mm 

[0 0 6 8] 

»^t<aio'C*, ^^ic^i-snAx httSfti^fc^Tft*. 

[0 0 6 9] 

mat. ^iot^^is«)ji*iii fc«^a^u«ffl^«2*«a«s 

wm^jz* z&Mto&frtt&^yTyyzmmmmim-^-tfm^'mfr bi* 



miE# 2 0 0 0-3 0 
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[0 0 7 03 
[00 7 1] 

0211 2jc^CDmi(D^^^^S*^^L«^^g<Z)^lll&#^?: 

#*£#>:&»g|5 1 2£fr£>&£ 0 
[0 0 7 2] 

«J1 1 tt, -tft^nk' fi(0j££1ftflS2 1 - 1, 2 1-2,-, 2 1- k' , fj 
£cftS?8P 2 2 - 1 , 2 2-2, 2 2-k' . &&&1§r£.tit,B 2 4 - 1 , 2 4 

-2, 24-k' flF#/^*-#S2tt»2 3 &tf8F^jtg&|S 2 5^e>& 

*. 

[0 0 7 3] 

SstBflWP 2 1 - 1 , 2 1-2, 2 1-k 7 fCte, iM&Sk' M©^P 

id = i, 2, k' )-&m£VTmmt*tiztsv. sw^twas2 2-1, 2 

2-2, 2 2-k' «: % A^$tl-&fUM^S!l#-^uiC*fLT> ZL*l£tf>i5i 



2 0 
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Ifcp i*&£?ZWl&u i= u mod pi(i = l, 2, -, k' ) Sr^tl^tl^is?)^ 
= gB#^-i§-£/£g|S 2 4 - 1 , 2 4-2, -, 24-k' IS, k' 0©ilS[pi(i 
= 1, 2, k' )IC#LT, «F#/t^*-*gB«fiP2 3 JCfB'Bi3*lfcff^A° 
dlC^oTifllfcftira$2 2- 1, 2 2-2, -, 2 2-k' ICiU^* 

btifcPJ^ui(i = i, 2, -, k' )zm-?ffi&Lfcro(n, am^frbtez 

24-1, 24-2, 24-k' tC<fc y *lfc#gP5Hf# T ( p i, 1) 

[0 0 7 4] 

g[4iC, gP#^£f&S|S 2 4 - 1 , 24-2, -, 2 4-k' 0-o(24- 
i)©^$r^-r o ^A°^*-# £ d, ^|#$:ui, &£pi£^-££, 
3 ltiipi-ui-l3b^*?)tlS 0 "O" ?aH§-/\°^*-# 
diH&b&uilC^o'^dXuilfy h<D7&Mlsfe "0" "1" 
f«3 3TfWu d i:^ltg|53 1 jb^©m*pi-ui- 1 &C«^ 

d x(pi-ui- Dbf'V h©Sllfe "1" ^l^^^tlS. UT, rtl^CD 
M 0"^iJi: "1" #l#3*gmP3 dx(j>i- h<D¥y hPi 

^ro(n, d)^^^^€>S$^#r (p i, 1)£ LT£j&£;ft£o 
[0 0 7 5] 

$tm^e«u m-fr^mmmmm* 1, fw^sggM 2, gp#ff#^si$4 3-1 
, 43-2, -, 43-k' , mmmmm^mm* 4. ^ftw^gM 5- 1 

, 4 5-2, -, 4 5-k' , ^ftW^ORS4 6 &tfMft##-^#f-||L3fl 4 7fr 
[0 0 7 6] 

^#^iagP4 2iz&y&u#n^^&mtitir^ $s#$f#^#3P4 3- 1, 4 
3-2, -, 43-k' ic^u^stisr^icty, *Uffi#ira##&c#f/&-r 
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[0 0 7 7] 

&vmmmm&m^&W;m-T*$L#>*>ti. &&&M&Mfrbi8inwfeU4 5-1, 
45-2, -, 45-k' iz&vmn<D^M&mi£ztiz> 0 ^^45-1 

, 4 5-2, -, 4 5-k' ©f^^lC^T. Mf£f{I^ORg|54 6t'OR^ 
[0 0 7 8] 

7tt. k' I®«M*^#-o0i^?:MtSi^Mii5 1 38««S*i 
fck' -fS^#oe>t.kM(Z)^5:^-r-5-Mtt^»|5 5 2, kM©^ 
JC^ LT *H!H^a SrMffi bT^Rft#ttil:#§ fMfb&jMgB 5 3 & 

So 

[0 0 7 9] 

2 1-1, 2 1-2,-, 2 l -k' T?MS£;ixTv^ k' ffla&ftpi, p2 f — 
,pk' #6tt*©k«©5lUS«:3BA/;E*:£, -ttie)©k«©3(l»©a»inJBil±i: 
"T -So MA If, 3(3D^«n^ plX p2X-X pkT'feS, 
[0 0 8 0] 

mto&»itm&f&mi #sRRpi(i = i, 2, -k' )icmlt, a 

3<DSdflFt4«i2 4-l, 24-2, 2 4-k' JC «fc *J «J#flF -if r ( p i 
•^SdiUCioT, §rfcfc«F-£r(pl,p2,-,pk' : ntffejRSJlS. 
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[0 0 8 1] 

js-re^^#r( P i,p2,-,pk' :i)<Dm^m&. ^su^^rcp i, n# 

•€-©^Jffl#MJ##ulC^-rsm^pi$:S^i-S> SH^ff-3¥fflS2 2-1, 2 2 
-2, 22-k' l?fff"#$tlfcjgl^u mod p iZm-tft^mt&V. Zfrtf 

[0 0 8 2] 

i?f#r(pi, l)&a$#«H31fe-3aS4 3- 1, 4 3 -2, -, 4 3-k' 
llCiot, c Ac£<Z>3d£ 2 A©^fJffl#MJ##<Z) p ilCgg-rs^(residue)© 
*f##£>ft£„ rtlfcp ilCg8-f- &38bk*f (residue pair) iing^r h \Z~? £ 0 
[0 0 8 3] 

viizm?zM&m*<n&zM&tf&zmmmmm^u*um?&m 
n&u<Dffl&T*&z>n%, *<Dm&temmmm%m^u*:&m-tz>%iftmizmm 

w-Dmmmizmvxit. ^(Dm^t^mmm^mmmmwm^znm^s-^m 

[0 0 8 4] 

CfitSl) cAPAT<D&niZj3^T. r(pl, P 2, pk' : l)JC«fc»; k' M 
[0 0 8 5] 

£IC&> 1 ^log 2 (l/ £ )T*&tt*U£&£&^o 
[0 0 8 6] 

Q&2' ) k' «©|SIjft>l*JC**nS»^©if©— o&M&lZb. 1&mz£-o 
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XmVtf&Vte^V&mZ e J£AT£ "TStCHU l^log 2 (2k' / e)-Vtetf*l&te 
[0 0 8 7] 

V^^£ eJ^Til-T^lCtt, l^log 2 (2k' / e ), fWXLli, 

#c 5£ -e & ti fc£ & e> & V * „ 
[0 0 8 8] 
[»4] 

k» 

L * < £ Pi) x log z (2k'/e) 
i=l 

[0 0 8 9] 

J£*T> pm=min(p 1, — , pk' ) % p M=max( p 1 , — , pk' ) t. £ tz. 
[0 0 9 0] 
[»5] 

k' 

i=l 

[0 0 9 1 ] 

H-tZ> B n-%-V-^X(DTm$. L = k' X <p> Xlog 2 (2 k' / e)£mt)2ft 

So 

[0 0 9 2] 

(tpffliH^^S (Chinese Remainder Theorem)) 

v2,"',T?W&Z-*>*.fct.&* #i(i = l, 2, - 
, k)lCO^T u ieZpi##;*.e>*l<5£. ui=u mod pit^5u6Z pl XZ p 

o 

[0 0 9 3] 
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<^-t-5i:«l^e>^VN 0 ^dT% $ *>JCfl(k + l)#g(Z>i!b&£3g#*U sfctf) 
[0 0 9 4] 

li. #JS¥ 10-108039, 10-122108 ) D ^^T^i. 

[0 0 9 5] 

triM<3!)^i!t{C*|-/*:-r-5!PJ^©0(m-tuple of residues) <D*p(Dtt:M<D k^CDjgf 

e> fci!l5k(Z>iSiB£-':ftLTV^ (consistent) 
^^d^lC-tSo 0 6 <D— Mtt^acgp 5 2 T*IZ. i#W5 1T'k' 

[0 0 9 6] 

ly consistent) £.V£tf, * ^TfJ&V**^ 3<Z)0J#©M«^oT— M LTVnS (f 
alsely consistent) £ Zl £: iC ^ -5 „ ZL<Z)<J;-2 &&oT — tbtV^ffi©ff 

[0 0 9 7] 
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*lT/h£<&»K ■eol?»(2/pBi) , °" k J;»J/h3<&5. fc£U m>ki:t 

"So 

[0 0 9 8] 
k + io gpm/2 ( i / « ) i: tilij; ^ 0 

fcaMCtt, k + log pm/2 ( 1 / e )m<Dm—fflmmKmm'?z>ffl&$:<gtiffl& 

tt*mM-tti&&^ 0 (iai)*^, -etitciik' ^(c/2)x(k + io gpm/2 ( 
i / 1 ) ) (Dffl&M z m jft-r n urn v % „ 

[0 0 9 9] 
[0 10 0] 

$3F^r(pl, P 2,-,pk' : 1 )#> mvmme J^TT^ft#&iEL< 
&5£i-£lC&, k' ^(c/2)X(k + log pm/2 (2/ £)), l^log 2 (4k' /e 

iot (ii3) J: U^©^F#-9--rX0)TI^^ 
L= <p> X(c/2)X(k + log pm/2 (2/ £ )) 
Xlog 2 ((2c/ e )X(k + log pm/2 (2/ e ))) 

[0 10 1] 

p= <p>=n 1/k „ «fcoT. #-^-9--f X©TPStt> 
L = (c/2)X n 1/k X(k + log n 1/k /2(2 / e )) 
Xlog 2 ((2c/£)x(k + log n 1/k /2(2/e))) 
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[0 10 2] 

2£{C, 2bZ>JEma%:mZf. k = (log 2 n)/a nnfe-tz>z.£tfT*gz>*t>& 

L = (ce a /2 a)X(log 2 n+aXlog e a/2(2/g)) 

Xlog 2 ((2c/ £ a)X (log 2 n+ a Xlog e a/2(2/ e ))) 
-e&1£l-£frZ> 0 Z.<DWi&. m^VJ X©TPBU±cKWLT0(c log 2 c), nKlW 
bT©(log 2 nlog 2 log 2 n) £fc*J> Mxtf&CDlSCitK [ 1 4]^>^[1 5] Kl|Ba%S 

(^tUtSltSI (prime number theorem)) 

&f%mx.&mz-te^mm(DmMz n u)tL-t^n, * (x)=x/iogx£&3 

„ ¥<Dn-%fcX*l$. k = (log 2 n)/a £Lfc 0 frt% Utgfc5&®<fc *J 5 £/.h 
SfclERfc-TSi:^ x ~ x ( 1 + 8 )©iacig»#iog 2 x;r-*-©fifUaJh# 

[0 10 3] 

7r(x + (H-8))-7r (x) = (x/(logx-l)/log 2 x) 

= CD (logx) 

*£ft##-)ffHltaiS4 7tt, aP^«F#«-^aP4 3- 1, 4 3-2, 4 3-k 

' tfffi^bfck' <@©^J^S:A*^S(^^y^S 1)„ id^li, £?M&m 

km<Z>ffl&<Dm(r 1, r2, -, rk' )&^nUf'^S 2). 
[0 10 4] 

*^$tifek' mv>n&o>w&. — mwfc&ms 2tcA^j^tis„ -«i±&gc 

SP52tt\ A#£*lfck' <@©PJ^®M*^ k^@OM^(r 1, r2, r k) 
[0 10 5] 

^S4)„ 3©^Hf!i^scDttit«> ® 8 <z> ? n -v - Mcj^-r mm<Dffi& 
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[0 10 6] 

-«tt^5 2T&, j£y©(k' -k)M<Z)jgf^Ti:u £<Z)|^JC, r i = u 
lod pi(i=k+l, k' ^m^S^Tb^fl^SCXT^ >^S 5) D 

$55 1 lC*f LT. $rfc&k' mo>M&V>ffi.*m&'*Z>(-* : T-VZfS 7)„ %U. $t 

vy^S8)„ 

[0 10 7] 

tUfV^S12), ^^§J^4 2^t>*g|S^^4 3- 1, 4 3 - 2, 
43k' £^LT#£nfc8P3m#{C*^T, MfE^gP4 5-l, 4 5-2 
, 45-k' ICJ: U^H©^M^f!lS$tlS(X^^^'S 1 3)„ 
[0 10 8] 

^Kf5^aS4 5 - 1, 4 5-2, 4 5-k' <Z)V^;|X "If 

tiU^y^S 14), r©^JM#»J##^m*$tiS(x^^ys 15). 
[0 10 9] 

*5^:7S 1 3-eMft^ilS4 5 - 1, 4 5-2, 4 5 -k' <D'p 

■^^m±$4l(^^^^S 1 6), )^o|gK##^tf-Jt»4 7 -C*Sf6###^tf» 
snUfy^s l 7). z:©*gf£###^m*StiS(x^-/^ , s l 8) D 

[0 110] 

z.<om&. ^fy^s i 3T*©jf£ffc<D;£M<z>¥![/£i:. *-5^v/s i 4-ecoffJM 
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[0111] 

mm<D & v , ^ £ o t #j;s * * £ * & & ^ <zm £ & 

<fc V ^ T% *g§£ #<Z> ft If (#£ ) * T?fT e> teifr-f b =b & v % 0 
[0 112] 

[0 113] 

(m 2 (Dmmmm) 

[0 114] 

01 lie. ^J6^ffitC^SS^^bii«)^^e©«^$:^-t- o d<Z>«^ 
38j&»bStf>&*SS1BMu ^>^I^^^M6 1, f£ #M^gP 6 2 

[0 115] 

l/(n- 1 n?£<D7#*V-;i/(Hadamard)ff^J£SlC« 

1 r^7t;#^(D]I^JC^«^ S J: e> is y 7 U v 9 T.m^T-tb Z> . #1* , 

3^jt:rL-^ y y F^racDttett, Ell OJC^-r^^K: (-1,-1,1), (1,-1,-1), 

(-1 ,1 ,-D 3 o <Dm j&jcffitt-r -5 «F^*> > ^ u * # zmm.? z 0 

[0 116] 
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[0 117] 

nttfr U««>&»» 6 3 tt, &-9af31ttfi|S6 2 J: ySttflfcofcflF-JHSfcJSfr 
[0 118] 

H121C, Hi l lc^Ufc«^^btI»3i^«tc*f/S'rs^]6g^Mlc# 

x^f#^^sp 71, #-^m^^sp 7 2 , ffiB9#it^sis 7 3 RVttmum&m 7 4 

[0119] 
[0 12 0] 

n&mt.isTm^ zti$:mfrismmt:LxM&>&/ux^z> 0 m^x. a^u* 
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[0121] 
(^3©H»1) 

bTV^ 0 

[0 12 2] 

8 4 , ffiMfit^f b ;i/ j ^Atms 8 5 , w&&& vm^m s 6 xtfjsst^w 

[0 12 3] 

[0 12 4] 
[0125] 

[0 12 6] 



£BH#2 0 0 0-3 0 
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[0 1 2 7] 

SS2#Mfg3(Z>|^g^ffiUC;J3^T. ^L«#£LT;§^SMC3Lffc9& 
#J£LT, N(0, l)<Dj3Vi/ry J J XZUm-*Z>%S\Z.^ ®14 1C^-TJ: 

[0 12 8] 
[0 12 9] 

> v mm *s x a & nirr ^ t % *sm -v & %> . 
[a®©^#.=&M] 

[® i ] *mmiz&&m*mfrLMto&&mmRz? 4 m*mfr v&mmmtf 

m 2 ] ^mom i <Dmmmmiz&z>n*mfr hm^^mn^mm^ 

[®3] m2iz&v&M&&&&^&mm<Dm&$:i*-t7uv ?m 

[@4] S3^^^SgP^#^SP<Z)^$:^t-^n^^® 
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m 5 ] *mm<Df& i o^mmi^miz^n^-m^ v^mmm^mm^^-t 

[0 7] |eiii^^c^^^^##^T;i/^ruxA$:^-r^n-^^- 

h 

h 

[010] *mm<Df$2 7bmni3<DmMMMx*mm-tz>zs^-7i'v9 *n 
[01 1] *mm<D&2<DmmfcMiz&&m*mfrvm&&&mw<Dwm. 
[012] *mm<D?&2<DmMfeMKmzm^mfrvfeftmm<nWf%z*k 

[013] ^^<7>m3CZ)^Ji^^S^ft##^ll|g$:^-t-5>m^ 

[014] *&m<Dm2 7b^^z<Dmmfem\z&v &isz;^ vv v^m^ 
[0i5] m^mfrVKM^&Mmzmiz-D^xnm-t&m 

[016] r0(n, d)^#^^tltcM-f-<5Mft^$:fi^-rS0 

[017] ro(n, ammz&vzr.'D<Dm^m<7)ML±8zM£m'b®.M 
iz-D^xmm-t&m 

[0i8] ro(n, am^zm^r~'&&<Dn?-mfrLT)vzivx<uiz& 

1 1 -m^Th^n^^n 

1 2 -«F#««>a*# 

21-1, 21-2, 21-k' -i&fEiSSSP 

2 2-1, 22-2, 2 2-k' -jgl^tfWglS 
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2 3 -n^s^ sam^u 

24-1, 24-1, 24-k' -aJ4H9F-&£j£fflS 

2 5 -^#ats» 
4 i -a^bfii*«ifflas 

4 2 # #iggB 

43-1, 43-2, 4 3-k' 

4 4 -3pjffl#ago#-&tt-#as 

45-1, 45-2, -, 4 5-k' -JKKW^aP 
4 6-Mft«^OR§|5 

4 7 -*§st##-&tf-»as 

6 1 ~*/-y?Vv9y.nHr&&M 
6 2 -«F#tS31iR9J 

6 3 -m3-m-frvm.&>&fr%i> 

7 l ***3F-*£j*as 

7 2 -«F#saiRap 

7 3— ffiMftm§P 

7 4 -ffiBHBf55£» 

8 1 **8F-*£J*» 
8 2 -^^ISM 

8 3 -fflBHiiff-|l» 

8 4 -3pJtt#»8!l##3-J*» 

8 7 
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[04] 



M 
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[05] 



1 



11 



43-1 



pi 



£43-2 



45-1 ^#gg 



fait 



41 



4 5 



■•• [is 
5 r 2 Q 



47- 



h-43-k' 
r45-k' 



in 

ft 



Poo 



ORgB 



1 



44J ^mmmmsm 



[06] 



i y I" "I ••• "i" 



r47 



52-^ 



£&1 



J«jfek' 



-51 



n 



-53 
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«S1 



8? frldB^SH^tOfflM ,r2, 
••\rk' 



S2 



k'lBOJH^tf) ? £MS r1,r2, 
•*,rk£igiR 



S3 



kMB<E>*l#r1,r2 f — ,rk#6 



S4 
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[08] 




yes 



[ 



Pi fcr, 05 A* 
I 



a =(PiP2-P m) 'mod Pi roltSt 



C=AXBmod p, (Oif^E 



1 



| R; ^CXp 1 p 2 ...p H 4-r i <DW\M 



[09] 



1 



± 



|B =(R j . t -r 1 )mod p , <DWtM 



(HED 

i 



I 



-S12 
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[01 0] 



[011] 




(1.-1.-1) 



(1.1,-1) 



(-1.1.-1) 



61' 



62- 
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[HI 2] 



71' 



72- 



73 



74 



[01 3] 



81 



82' 



83' 



84 



'SB 



-85 



-86 



-87 
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91 



92 



[SI 5] 



S3H 



=1 >5->~J J \ 





E'L X 




=1 >^>'>3 
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mm 

IMtik^m M&^%® 22-1, 22-2, -, 2 2 -k' £ J: U 
##iC&LT&f3M2 1 - 1, 2 1-2, 21-k' CsH'GlStlfc^tfc© 

2 3 iCfflm^tlfcA^-^tC^^T, g|S^#^^2 4-l, 2 4-2, 
-, 24-k' iC«fc »jm^©bf^ — £ "T £ L 1 (Z>#J&tf0tf>#I 

jut, jg^b^^s^i-ea^^-^^^-r^c 
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